Introduction {#sec1-1}
============

Rheumatoid arthritis (RA) is a disease of synovial joints characterized by chronic inflammation of the synovial tissue. The disease process starts with the involvement of synovial membrane followed by involvement of cartilage and bone. The inflammatory changes are thought to because of immunologically mediated reactions but the precise mechanism is yet to be known.\[[@ref1]\] Treatment of RA mainly includes nonsteroidal anti-inflammatory drugs, glucocorticoids, disease-modifying antirheumatic drugs, and biologics. A very large number of side effects have been associated with the long-term use of these drugs. The suppression of the immune system caused by chronic use of these drugs causes the rise of many opportunistic infections which may subsequently lead to a number of complications. Due to the drawbacks linked with the extended use of these drugs, patients with arthritis constantly search for some alternative therapy that is effective and free from these side effects.\[[@ref2][@ref3]\]

*Bauhinia purpurea* (BP) Linn. (Caesalpiniaceae) commonly known as butterfly tree is a medium-sized flowering plant found throughout in India and China. Conventionally, it has been used for many inflammatory and noninflammatory conditions such as pain, inflammation, epilepsy, and convulsion.\[[@ref4]\] Some studies have demonstrated its significant effect on pain and inflammation using an animal model.\[[@ref5]\] Despite these conventional uses, there is a dearth of an experimental study to validate these claims. Therefore, to evaluate the anti-arthritic potential of stem bark extract (hydroalcoholic) of BP, the current study was designed using animal model.

Materials and Methods {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

BP bark was procured in the March 2012 and authenticated by Prof. S. H. Ansari, Department of Pharmacognosy and Phytochemistry, Faculty of Pharmacy, Jamia Hamdard, New Delhi. A voucher specimen (Voucher no-SS/AIIMS/Pharma/007/12) of the plant has been retained in the Department of Pharmacology herbarium, AIIMS, New Delhi, for future reference.

Preparation of extract of *Bauhinia purpurea* {#sec2-2}
---------------------------------------------

The procured bark was washed properly and then allowed to dry at room temperature. The dried bark was then powdered using a mechanical grinder. Hydroalcoholic extraction of powdered bark was then performed to obtain the crude extract. The extract was further concentrated using vacuum evaporator. The approximate percentage yield of the dried extract was found to be 4.32% w/w. with respect to the powdered bark. On carrying out pharmacognostical standardization, the dried extract of BP had shown to contain the polyphenolic compounds.\[[@ref6]\]

Experimental animals {#sec2-3}
--------------------

The study was performed according to the criteria for the Care and Use of Animals in Scientific Research (INSA 2000). A due approval was obtained from the Institutional Animal Ethics Committee (714/IAEC/13) before starting the work. The experiment was performed on adult male rats. They were of Wistar albino variant weighing 150--180 g. They were left to acclimatize to animal house condition in a group of 3 for 1 week after bringing them from the institutional breeding stock. They were treated with standard pellet diet and water. The animal house temperature was maintained at 25°C ± 2°C with 12 h light and 12 h day cycle.

Carrageenan-induced paw edema {#sec2-4}
-----------------------------

Five groups of animals each containing six animals were used in this study. After overnight fast, first of all, baseline paw volume was measured on the day of the experiment. Digital plethysmometer was used to measure paw volume. Latterly by oral gavage feed, Group I was administered 2 ml/kg gum acacia suspension, Group II was administered 3 mg/kg indomethacin, and 50, 100, 200 mg/kg BP to Group III, IV, V, respectively.\[[@ref7][@ref8]\] To produce inflammation, λ-carrageenan was injected into the left hind paw of the animals in the subplantar region. The process of paw inflammation was carried out 30 min after the administration vehicle and drug to the respective group of animals using 0.1 ml of 1% λ-carrageenan which was freshly prepared in normal saline. Post carrageenan measurement of paw volume was again performed at three different time scale, i.e., at the end of 1^st^, 3^rd^, and 5^th^ h after carrageenan injection.

Adjuvant-induced arthritis {#sec2-5}
--------------------------

In this study, again five groups of animals were used such as "carrageenan-induced paw edema" model. Like the previous study, Group I was given vehicle, Group II was given indomethacin, and Group III, IV, V were given BP at the same dose. On day 0, baseline measurement of the paw diameter was carried out. Micrometer screw gauge was used for the measurement of the joint size. Thereafter, vehicle/drug was administered to the respective groups by oral gavage feed. The process of arthritis induction was carried out in the left hind paw by subplantar injection of 0.1 ml complete Freund\'s adjuvant (CFA). It was done 30 min after the administration of vehicle/drugs to the respective groups of animals.\[[@ref9][@ref10]\] This was followed by daily administration of vehicle/drugs to the respective groups for 20 days. Measurement of joint diameter was again carried out on 3^rd^, 7^th^, 14^th^, and 21^st^ days. On the 21^st^ day of the study, blood sample was collected for estimation of cytokines level present in the serum. The serum level of different cytokines (tumor necrosis factor alpha \[TNF-α\], interleukin-6 \[IL-6\], IL-10, and IL-1 β) was estimated by dot-blot technique.

Biochemical parameters {#sec2-6}
----------------------

To estimate the level of prooxidant malondialdehyde (MDA) and antioxidants such as superoxide dismutase (SOD), catalase (CAT), and endogenous glutathione (GSH), a 10% tissue (liver) homogenate were prepared with the help of a homogenizer. Estimation of MDA\[[@ref11]\] and endogenous GSH\[[@ref12]\] was then performed using the cellular homogenate of the liver. A small part of the cellular homogenate of the liver was then centrifuged at 500 rpm to get the supernatant. This was followed by estimation of total protein,\[[@ref13]\] SOD,\[[@ref14]\] CAT,\[[@ref15]\] and enzyme activities\[[@ref16]\] using the supernatant.

Dot blot for detection of serum cytokines {#sec2-7}
-----------------------------------------

To detect serum cytokines level, first of all, 3 μl of serum was mixed with 7 μl of phosphate buffer saline and then blotted on a membrane made up of nitrocellulose. The blotting process was done with the help of a micropipette. It was then treated with 5% nonfat milk to block the nonspecific sites. It was further treated with cytokine-specific primary antibodies (Santa Cruz Biotech Inc.) followed by treatment with secondary antibodies.

Finally, it was stained using diaminobenzidine containing enhancer in the form of heavy metal nickel. An advanced version of the gel documentation system, i.e., Alpha Imager EC Gel Doc System was then used to document the protein present on the nitrocellulose membrane, and using AlphaView Imaging software,\[[@ref17]\] protein densitometry was done and expressed as percentage-integrated density value.

Toxicity studies of the extracts {#sec2-8}
--------------------------------

The harmful aspect of BP if any was tested by performing acute and subacute oral toxicity study. For testing the acute toxicity of BP, we followed the latest OECD guideline 425 (OECD, 2001).\[[@ref18]\] An acute toxicity study was performed on five rats by orally administering a single dose of BP (2 g/kg). The rats were then observed for 14 days for mortality if any.

Subacute oral toxicity study of BP as performed according to the OECD guideline-407 (OECD, 2008).\[[@ref19]\] Two groups of animals each containing eight animals were used in this study. Group I served as normal control and was given 1 ml/kg normal saline. Group II was treated with 400 mg/kg BP (two times the maximum dose tested in the ant arthritic model). The oral administration of saline and BP to the respective groups of animals were continued for 4 weeks.

Statistical method {#sec2-9}
------------------

The data obtained after studying the various effect of BP using the appropriate rat model were revealed in the form of mean ± standard error of the mean. The method that was adopted to find the difference in significance from the statistical point of view was one-way ANOVA followed by Dunnett\'s multiple comparison (GraphPad InStat; Version 3.05, GraphPad Software Inc, California, USA). The value that was considered significant from the statistical point of view was \<0.05.

Results {#sec1-3}
=======

*Bauhinia purpurea* administration-attenuated carrageenan-induced paw edema in rats {#sec2-10}
-----------------------------------------------------------------------------------

The modulatory effect of BP following subplantar carrageenan administration has been shown in [Figure 1](#F1){ref-type="fig"}. Following the carrageenan injection, there was an intense inflammatory response causing an increase in paw volume and the maximum increase in the paw volume was observed at 5 h in all the groups. However, BP (100 and 200 mg/kg) treated animals showed a marked reduction in paw edema at all-time points in comparison to the control animals. The dose of BP that produced a maximum reduction in paw volume was 200 mg/kg.

![Effect of BP on carrageenan-induced paw edema in rats. BP = *Bauhinia purpurea* hydroalcoholic extract. All values are mean ± standard error. Statistical analysis by one-way ANOVA followed by Dunnett\'s multiple comparison. \**P* \< 0.05, \*\**P* \< 0.01](IJPharm-51-25-g001){#F1}

Inhibition of adjuvant arthritis by *Bauhinia purpurea* {#sec2-11}
-------------------------------------------------------

The anti-arthritic action of BP following the subplantar injection of CFA has been depicted in [Figure 2](#F2){ref-type="fig"}. Following CFA administration there was an increase in joint diameter which was maximum on day 3. After that, there was a progressive decrease in joint diameter in all the groups except the vehicle-treated where it was increased up to some extent after the 14^th^ day. Treatment with indomethacin and BP resulted in a remarkable decline in joint diameter and the decline was statistically significant in comparison to vehicle-treated group.

![Effect of BP on joint swelling in CFA-induced arthritis in rats. BP = *Bauhinia purpurea* hydroalcoholic extract. All values are mean ± standard error. Statistical analysis by one-way ANOVA followed by Dunnett\'s multiple comparison. \**P* \< 0.05, \*\**P* \< 0.01](IJPharm-51-25-g002){#F2}

Effect of *Bauhinia purpurea* on oxidative stress in adjuvant-induced arthritis {#sec2-12}
-------------------------------------------------------------------------------

There was a remarkable change in the serum level of oxidants and antioxidants following CFA immunization \[[Figure 3](#F3){ref-type="fig"}\]. The level of antioxidants decreased in all the experimental groups of animals, whereas an increased level of Thiobarbituric acid reactive substances (TBARS) was noticed in all the groups. Following BP treatment there was a decrease in the level of oxidants, and at the same time, there was an increase in the level of antioxidants. Out of three different doses of BP, the dose that was found to be most effective in increasing the level of antioxidants and decreasing the level of oxidants was BP (200 mg/kg).

![Effect of *Bauhinia purpurea* on TBARS, glutathione, catalase, and superoxide dismutase in CFA-induced arthritis in rats. All values are mean ± standard error. Statistical analysis by one-way ANOVA followed by Dunnett\'s multiple comparison. \**P* \< 0.05, \*\**P* \< 0.01](IJPharm-51-25-g003){#F3}

*Bauhinia purpurea* treatment decreased the serum pro-inflammatory cytokine levels in arthritic rats {#sec2-13}
----------------------------------------------------------------------------------------------------

A qualitative comparison of serum cytokine levels is represented in [Figure 4](#F4){ref-type="fig"}. It is quite obvious from the figure that BP treatment had a favorable effect on the serum cytokines of arthritic rats. BP treatment produced a fall in the level of pro-inflammatory cytokines responsible for inflammation. On the other hand, it produced an increase in the serum level of IL-10. The changes in the level of cytokines were found to be statistically significant.

![Effect of BP on serum tumor necrosis factor alpha, interleukin-1 β, interleukin-6, and interleukin-10 in CFA induces arthritis. BP = *Bauhinia purpurea* hydroalcoholic extract. All values are mean ± standard error. Statistical analysis by one-way ANOVA followed by Dunnett\'s multiple comparison. \**P* \< 0.05, \*\**P* \< 0.01](IJPharm-51-25-g004){#F4}

Toxicity profile of the test plant {#sec2-14}
----------------------------------

BP was found to be safe on toxicological evaluation. It did not produce any behavioral change or mortality in the tested animal during the observation period of 14 days following the limit test. The oral LD50 of BP was therefore established at \>2 g/kg body weight in rats. In addition, following subacute toxicity study, BP-treated group showed no change in physiological and biochemical parameters in comparison with control.

Discussion {#sec1-4}
==========

This study investigates the anti-arthritic and anti-inflammatory potential of the hydroalcoholic extract of the stem bark of BP using well-established experimental rat models. We evaluated the anti-arthritic potential of BP using various arthritic and the anti-inflammatory model.

Carrageenan-induced paw edema model is not only a well-established model but also a very commonly used model for screening anti-inflammatory potential of a drug. The triphasic inflammatory changes produced by injecting carrageenan are quite similar to the early exudative stage of inflammation in human. This triphasic inflammatory change is because of the involvement of multiple autacoids. The first phase which lasts for \~1 h following carrageenan administration is characterized by a sudden increase in paw volume induced by the action of histamine, the second phase which lasts for \~2--3 h postcarrageenan administration is because of generation of serotonin and kinins, and the third phase which is attributed to the generation of prostaglandins and leukotrienes which lasts from \~4--6 h after postcarrageenan administration.\[[@ref8][@ref20]\] This study shows that BP treatment produces significant inhibition of inflammation at all observation period suggesting its modulatory activity against several autacoids.

CFA-induced arthritis is a very suitable model for testing anti-arthritic activity as it has a very high degree of validity and has many similarities with human arthritis.\[[@ref10][@ref21]\] In this study, we found that the animals treated with BP had a decrease in joint size in comparison to the control rats which was dose dependent. Further, administration of BP restored the imbalance resulted from oxidative stress by decreasing pro-oxidant (MDA) and increasing antioxidant (SOD, CAT, and GSH) parameters as compared to control. In addition, we also estimated and performed the qualitative comparison in the serum level of pro-inflammatory and anti-inflammatory cytokines. We found that the levels were upregulated in the serum of vehicle-treated arthritic rats.\[[@ref22][@ref23]\] On the other hand, there was a significant reduction in the level of pro-inflammatory cytokines and an increase in anti-inflammatory cytokines in BP-treated arthritic rats. The levels of TNF-α and IL-1 β were found to be upregulated in indomethacin-treated arthritic rats, and the finding was quite similar to the findings reported earlier.\[[@ref24]\] Based on circulating cytokine profile, BP may be having different or additional mechanisms (in comparison to indomethacin) which are responsible for its anti-arthritic effect.

The important phytochemical principles present in BP are flavonoids, steroids, and tannins.\[[@ref5][@ref25][@ref26]\] The anti-arthritic activity may be because of these phytoconstituents present in the bark extract of BP, especially flavonoids which are shown to have anti-inflammatory and antioxidant activity. The role of flavonoids in inhibiting phospholipase A2, phospholipase C, and nuclear factor-Kappa B that mediates inflammation is well proven.\[[@ref27]\] However, due to the presence of the multiple phytochemical presents in BP, it can be said with certainty that the observed anti-arthritic of BP was not only because of flavonoids.

Based on an LD~50~ value of \>2000 mg/kg body weight, BP can be considered to be safe in acute intake of high dose. Furthermore, the absence of any noticeable physiological, biochemical, or histopathological changes following high-dose BP (400 mg/kg) demonstrates a safer toxicity profile. The positive result obtained in our study suggests that there is a need for further study to explore BP as a safer therapeutic alternative for arthritic patients.
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